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(54) CAPILLARY TUBE ELECTROPHORETIC APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable detection with a higher S/N 
ratio by a method wherein a part of a groove is made up of a light 
waveguide path with an emission surface thereof facing the groove 
and a part as opposed to the emission surface is opened to perform 
an optical detection. 

SOLUTION: Substrates 1 and 2 are secured with screws 23-26 with a 
clearance of about 130nm through spacers 3, 4,... and each end of 
capillary tubes 7 and 8 made of silica with the outer diameter of about 
120^m and the inner diameter of 50nm coaxially pierces the center 
parts thereof. The tip parts of the capillary tubes 7 and 8 are flush with 
the clearance formed surfaces of the substrates 1 and 2 and other 
ends thereof are immersed into anode side and cathode side 
electrode tanks 9 and 10 each filled with a electrolytic solution. An 
electrolytic solution is fed in the clearance between the substrates 1 

and 2 and the capillary tubes 7 and 8. A fixed amount of a sample solution is injected into the other end of 
the capillary tube 7 and a DC voltage is applied between the electrode tanks 9 and 10 from a high voltage 
power source 1 1 . An electroosmosis current is generated between the electrode tanks 9 and 10 and the 
sample solution flows to the capillary tube 8 from the capillary tube 7 through the clearance of the 
substrates 1 and 2. Thus, various amino acids labeled by fluorescence are separated into components and 
moved with a zone being formed for each component and optically detected while passing through the 
clearance. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] ' "~ — ' " 

[Claim 1] The capillary tube electrophoresis apparatus characterized by having the optical detection arrangement by 
which a part of slot was formed by optical waveguide, it faced the outgoing radiation side fang furrow of this optical 
waveguide, and this slot was wide opened in the opposite section of this outgoing radiation side. 

[Claim 2] The capillary tube electrophoresis apparatus according to claim 1 characterized by the outgoing radiation side 
ot said optical waveguide being a lens side. 

[Claim 3] The electrophoresis apparatus according to claim 1 or 2 characterized by the field which constitutes said open 
section being a mirror plane. • " 

[Claim 4] An electrophoresis apparatus given in any 1 term of claims 1-3 characterized by having two or more said 
optical detection arrangement. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a capillary tube electrophoresis apparatus 
[0002] 

[Description of the Prior Art] One aspect of the electrophoresis apparatus which detects a sample optically is shown in 
the first well-known example (JP,5-296978A). the inside of the optical eel which filled the electrolyte with this 
example - each of two capillary tubes - an end - inserting - both capillary tubes - almost - the same axle - and it 
arranges so that a fixed gap may be held. A sample passes a gap from one capillary tube, and migrates to the capillary 
tube of another side. Excitation light is condensed in the gap section and the fluorescence generated from a sample is 
measured. Another aspect of the electrophoresis apparatus which detects a sample optically is shown in the second 
well-known example (J. A.Taylor and E.S.Young, Anal.Chem, 64 (1992) 1741-1744). In this example, the optical 
fiber for sample excitation is inserted into a capillary tube at the same axle, and the fluorescence generated from a 
sample is measured. 
[0003] 

[Problem(s) to be Solved by the Invention] Generally in the fluorescence detection in a capillary tube electrophoresis 
apparatus, there is fluorescence generated with the scattered light of the excitation light in the wall and outer wall of a 
capillary tube and the tube wall of a capillary tube other than the fluorescence made into the purpose as a background 
light. Therefore, background level and a noise level become high, and the fall of a minimum limit of detection will be 
caused. Moreover, since the fluorescence generated from a sample is also scattered about in the wall and outer wall of a 
capillary tube, signal level becomes low and the fall of a minimum limit of detection will be caused. 
[0004] In the first well-known example of the above, although the capillary tube tube wall of the perimeter of a 
e^? Ct ]- n n g element 1S removed > dispersion in an optical eel and fluorescence generating exist. Although these effects to 
S/N of fluorescence detection are reduced so that they keep away the wall which enlarges the bore of a vertical optical 
eel and forms an optical eel in the shaft of a capillary tube from a detecting element, the convection current of the 
electrolyte filled inside the optical eel becomes large, so that a bore becomes large, and they have a bad influence on 
the migration of the sample in the inside of a gap. 

[0005] In the second well-known example of the above, dispersion with a capillary tube tube wall and the effect of 
fluorescence generating are eliminated substantially. However, since excitation light is irradiated also all over 
migration ways other than a detecting element, its degradation of a fluorescent substance is intense. Moreover 
turbulence of electrophoresis arises by inserting an optical fiber all over a migration wav 
[0006] ~ ' 

[Means for Solving the Problem] The above-mentioned technical problem forms a part of slot which is a capillary tube 
by optical waveguide, faces a slot in the outgoing radiation side of optical waveguide, and is solved by opening the 
opposite section of an outgoing radiation side. 
[0007] 

[Embodiment of the Invention] 

(Example 1) This example is an electrophoresis apparatus which detects the fluorescence which separates the sample 
molecule which earned out fluorescent labeling, irradiates excitation light at a detecting element, and is generated from 
a sample. Here, fluorescein isothiocyanate (FITC) is used as a fluorescent substance for indicators, and the case where 
separation analysis of the amino acid in a water solution is carried out is explained. 

[0008] The block diagram of this example is shown in drawing 1 . It is arranged so that a substrate 1 (1) and a substrate 
7oS } ^^S? ^ 13 °- micrometer g a P throu gh spacer (3) - (6). A substrate 1 (1) and a substrate 2 (2) are fixed by screw 
Z ' a 1' u whlCh formS the gap of a substrate 1 (1) and a substrate 2 (2) is a mirror plane, a substrate 1(1)- 

the end of the capillary tube 1 made from a silica with an outer diameter [ of 120 micrometers ] and a bore of 50 



Page 2 of 4 

micrometers (7) is mostly penetrated to a core. The point of a capillary tube 1 (7) is in the same field as the field of the 
side which forms the gap of a substrate 1 (1). a substrate 2 (2) - the end of the capillary tube 2 made from a silica with 
an outer diameter [ of 120 micrometers ] and a bore of 50 micrometers (8) is mostly penetrated to a core. The point of a 
capillary tube 2 (8) is in the same field as the field of the side which forms the gap of a substrate 2 (2). In the 
penetration section, a capillary tube 1 (1) and a capillary tube 2 (2) are arranged at the same axle. The other end of a 
capillary tube 2 (8) is dipped in the cathode lateral electrode tub (10) which filled the electrolytic solution at the anode 
plate lateral electrode tub (9) which filled the electrolytic solution for the other end of a capillary tube 1 (7) 
respectively. An electrolytic solution is filled in the gap of a capillary tube 1 (7), a capillary tube 2 (8) and a substrate 1 
(1), and a substrate 2 (2). Constant-rate impregnation of the sample solution is carried out at the end by the side of the 
anode plate lateral electrode tub (9) of a capillary tube 1 (7). According to a high-voltage power source (11) direct 
current voltage is impressed between two-electrodes tubs. By electrical-potential-difference impression, an ' 
electroendosmose style arises in the direction of an anode plate lateral electrode tub (9) to a cathode lateral electrode 
tub (10). From a capillary tube 1 (7), the poured-in sample solution passes through the gap of a substrate 1 (1) and a 
substrate 2 (2) to a capillary tube 2 (8), and flows to it by the electroendosmose style. The various amino acid which 
earned out the FITC indicator is optically detected, in case it moves in the inside of a capillary tube and the gap section 
is passed, segregation being carried out according to the difference between a charge and molecular weight and 
forming a zone for every component. The end of the optical fiber for excitation of the outer diameter of 125 
micrometers, the core diameter of 50 micrometers, and a numerical aperture 0.2 (12) is inserted in the gap section and 
the medial axis is arranged so that it may intersect perpendicularly with the medial axis of a capillary tube 1 (7) and a 
capillary tube 2 (8). However, the point of an optical fiber (12) does not collide with the flow of a sample Incidence of 
the excitation light (wavelength of 488nm) from an argon laser (13) is carried out to the other end of the optical fiber 
for excitation (12) through a lens (14). With outer-diameter [ of 1 10 micrometers ] and a core diameter of 100 
micrometers optical-fiber for detection (15) - (20) is arranged, respectively so that the medial axis of a capillary tube 1 
(7) and a capillary tube 2 (8) and the medial axis may cross at right angles. However, the point of each optical fiber 
does not collide with the flow of a sample, and excitation light. An optical fiber ( 1 2) and ( 1 5) - (20) is fixed on a 
substrate 2 (2) with adhesives. The FITC indicator amino acid which passes the gap section generates fluorescence 
(wavelength of about 520nm) in response to the exposure of excitation light. Fluorescence measures the fluorescence 
which earned out incidence to optical-fiber for detection (15) - (20) and which carried out outgoing radiation from each 
other end with the photomultiplier tube (21). Optical fiber for detection (15) In order to improve S/N between outgoing 
radiation opening of - (20), and the photomultiplier tube (21), the band pass filter (22) which makes the light of a 
500nm - 540nm wavelength field penetrate is arranged. One of the sectional views of the optical detecting element in a 
field parallel to a substrate 1 (1) is shown in drawing 2 . Moreover, the sectional view of the optical detecting element 
in the flat surface which contains each medial axis of a capillary tube 1 (7), a capillary tube 2 (8), and the optical fiber 
tor excitation (12) in dra wing 3 is shown. Outgoing radiation opening of the optical fiber for excitation (12) is kept 
away from the intersection of a capillary tube 1 (7) and a capillary tube 2 (8), unless outgoing radiation light collides 
with the tube wall of a capillary tube 1 (7) and a capillary tube 2 (8). It asks for the location of a point by count 
beforehand, or it actually madiates excitation light, and observing the scattered light, it is adjusted under viewing or 
microscope observation so that excitation light may not collide with the tube wall of a capillary tube. Optical fiber for 
detection (15) The point of - (20) is brought close to the medial axis of a capillary tube 1 (7) and a capillary tube 2 (8) 
unless excitation light and a migration way are interrupted. ' 

[0009] The block diagram of a spacer which can be used for drawing 4 at this example is shown. A slot (42) for an 
optical fiber (12), and the slot (30) for inserting - (20) and (1 5^31^6) and excitation light to pass is processed on a 
substrate (29) front face. The base of the slot (42) through which excitation light passes is made into a mirror plane by 
approaches such as silver vacuum evaporationo. The round hole (41) for inserting a capillary tube 2 (8) in the core of a 
substrate (29) has penetrated. Moreover, screw (23) round hole [ for letting - (26) pass ] (37) - (40) has penetrated A 
mm 1 P JS C J & mt0 the in S redient of a substrate (29) by photolithography and etching using glass or silicon. 
L0010] (Effectiveness of an example 1) Since the gap is comparable as the bore of a capillary tube, it does not almost 
have the convection current of a liquid like the inside of a capillary tube. Therefore, turbulence of the electrophoresis 
by the convection cunent does not pose a problem. Moreover, since a circular substrate side is a minor plane the 
optical diffusing surface is one interface of optical-fiber outgoing radiation opening and an electrolytic solution 
substantially. Moreover, the fluorescence as a background light is not generated. Although this equipment is a capillary 
tube electrophoresis apparatus based on a capillary-zone-electrophoresis method, it can be used as capillary tube gel 
electrophoresis equipment by being filled up with gel into a capillary tube. Moreover, it is easily applicable also to 
liquid chromatography equipment. If the spacer of drawing 4 is used, the direction of an optical fiber can be specified 
with a sufficient precision. Moreover, the alignment activity of an optical-fiber point also becomes easy In order to 
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decrease the effect of dispersion with outgoing radiation opening of the optical fiber for excitation, it is desirable to 
keep away outgoing radiation opening from an intersection as much as possible using a thing small [ the optical fiber 
for excitation / as much as possible ] a core diameter and small in whether numerical aperture is made. Core parameter 
mum and a with a numerical aperture of about 0.1 optical fiber are available. Moreover, as for the optical fiber for 
detection, it is desirable to use the largest possible thing of a core diameter, since the amount of fluorescence which 
carries out incidence is increased, and in order to reduce the amount of incidence of the scattered light, it is desirable 
[ an optical fiber ] to use the smallest possible thing of numerical aperture. If outgoing radiation light is made into 
parallel light by making the configuration of the outgoing radiation side of the optical fiber for excitation into a lens 
side, dispersion near the detecting element will decrease further. Moreover, it also becomes possible to keep away 
outgoing radiation opening from a detecting element, and the effect of dispersion in respect of outgoing radiation can 
also decrease. 

[001 1] (Example 2) An example 1 and the example 1 of this example used for the same purpose are different 
electrophoresis apparatus of a configuration. 

[0012] The block diagram of this example is shown in drawing 5 . Width of face of 130 micrometers, the slot 1 with a 
depth of 150 micrometers (45), a slot 2 (46), and a slot 3 (47) are processed on a glass substrate 1 (43). A slot 1 (45), a 
slot 2 (46), a slot 1 (45), and a slot 3 (47) cross in the shape of a cross joint, respectively. The both ends of a slot 3 (47) 
are attained to the side face of a glass substrate 1 (43). A capillary tube is formed in this processing side by pasting up a 
glass substrate 2 (44). This adhesion is performed by the approach (the optical pasting-up method) of grinding the 
adhesion side of a glass substrate 1 (43) and a glass substrate 2 (44), respectively, graduating it, and making it rivaling 
In case a processing side is ground, 20 micrometers of processing sides are deleted to coincidence, and the depth of 
slots 1-3 (45-47) is set to 130 micrometers. The optical fiber for excitation of the core diameter of 50 micrometers the 
outer diameter of 125 micrometers, and a numerical aperture 0.2 (58) is inserted in a slot 3 (47), and it fixes with the 
alignment of a point by the same approach as the case of an example 1 . The front face of a slot 3 (47) carries out mirror 
plane processing by approaches, such as silver vacuum evaporationo. Moreover, mirror plane processing of the part 
which constitutes the wall of a slot 3 (47) also in the adhesion side of a glass substrate 2 (44) is carried out by the same 
approach. However, the intersection of a slot 1 (45) and a slot 3 (47) does not carry out mirror plane processing. 
Moreover, it is not necessary to perform mirror plane processing to the side in which the optical fiber (58) is inserted 
from the intersection with a slot 1 (45) among slots 3 (47). Through hole (48) - (51) which leads to the edge of a slot 1 

(45) and a slot 2 (46) is opened in the glass substrate 2 (44). Through hole (48) - (51) is equipped with cylinder (52) - 
(55), respectively, and it considers as the anode plate lateral electrode tub 1 (52), the cathode lateral electrode tub 1 
(53), the anode plate lateral electrode tub 2 (54), and the cathode lateral electrode tub 2 (55), respectively. The anode 
plate lateral electrode tub 2 is filled with the sample solution, and other three electrode layers and slots 1-3 (45-47) are 
filled with migration liquid. According to a high-voltage power source (56), direct current voltage is impressed between 
the anode plate lateral electrode tub 2 (54) and the cathode lateral electrode tub 2 (55). An electroendosmose style 
arises and it is introduced into the sample-solution fang furrow 2 (46) in the anode plate lateral electrode tub 2 (54) by 
electncal-potential-difference impression. The electrical potential difference between the anode plate lateral electrode 
tub 2 (54) and the cathode lateral electrode tub 2 (55) is disconnected, and an electrical potential difference is 
impressed according to a high-voltage power source (56) between the anode plate lateral electrode tub 1 (52) and the 
cathode lateral electrode tub 1 (53). An electroendosmose style produces the inside of a slot 1 (45) by impression of an 
electrical potential difference in the direction of the anode plate lateral electrode tub 1 (52) to the cathode lateral 
electrode tub 1 (53). Thereby, in the sample-solution fang furrow 1 (45) of the intersection of a slot 1 (45) and a slot 2 

(46) , electrophoresis separation is carried out and fluorescence is generated in response to the exposure of excitation 
light in the intersection of a slot 1 (45) and a slot 3 (47). Fluorescence is measured with the photomultiplier tube (61) 
arranged besides a glass substrate, the band pass filter (64) which a slit (62) and a lens (63) are arranged [ band pass 

uh^ d fluorescence and background light are spatially separated [ band pass filter ] between the photomultiplier 
tube (61) and a detecting element, and makes the light of a 500nm - 540nm wavelength field penetrate is arranged 
between a lens (63) and the photomultiplier tube (61), and background light is decreased further - S/N is improved In 
order to reduce the amount of incidence of the background light to the photomultiplier tube (61), it is desirable to make 
a glass substrate 2 (44) thin as much as possible, and to bring a slit close to a detecting element as much as possible 
slots 1-3 (45-47) - a glass substrate 2 (44) side - forming - a glass substrate 1 (43) - it may be made thin and 
lluorometry may be performed from a glass substrate 1 (43) side. 

[0013] Instead of inserting an optical fiber all over a detecting element and a slot, the same electrophoresis apparatus is 
realizable also by forming optical waveguide on a substrate. 

[0014] (Effectiveness of an example 2) Manufacture of equipment is simple in order to process a capillary tube and a 
detecting element on one substrate. Moreover, it excels also in a mechanical strength, mechanical stability, and thermal 
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stability-. If photolithography and etching with high process tolerance perform processing of a slot, and formation of 
optical waveguide, centering control of an optical fiber or optical waveguide can be performed often [ precision ] and 
simple. Low-cost-izing is still more possible by mass production method. 

[0015] (Example 3) The example 1 and example 2 which are used for the purpose as an example 1 that this example is 
the same are an electrophoresis apparatus with which configurations differ. 

[0016] The sectional view of the optical detecting element of this example is shown in drawing 6 . A slot 1 (88) and a 
slot 2 (89) cross in a glass substrate (87). The end of a slot 1 (88) leads to the anode plateTaleraTelectrode layer. 
Moreover, the end of a slot 2 (89) leads to the cathode lateral electrode layer. An optical fiber 1 (90) and an optical 
fiber 2 (91) are inserted from the other end of a slot 1 (88) and a slot 2 (89), respectively. If an electrical potential 
difference is impressed between an anode plate lateral electrode layer and a cathode lateral electrode layer, a sample 
will pass an intersection from a slot 1 (88), and will flow to a slot 2 (89). Sample excitation light is irradiated from an 
optical fiber 2 (91) at an intersection, and incidence of the fluorescence generated from a sample is carried out to an 
optical fiber 1 (90). Measurement of fluorescence is performed like an example 1. Mirror plane processing is performed 
to the wall from an intersection to a cathode lateral electrode layer among slots 2 (89). By enlarging distance of a 
detecting element and a cathode lateral electrode layer enough, the effect of the scattered light of the excitation light in 
a cathode lateral electrode layer can be disregarded. 

[0017] (Effectiveness of an example 3) By performing transfer of the fluorescence from a detecting element to a 
fluorescence detector using an optical fiber, the mechanical stability and thermal stability of optical detection 
arrangement increased further rather than the example 2. 

[0018] (Example 4) This example is an electrophoresis apparatus for carrying out separation analysis of the component 
sample of the other types which carried out the indicator with various fluorescent substances. 
[0019] The block diagram of the optical detecting element of this example is shown in drawing 7 . two or more slot 
(69) - (72) which intersects a glass substrate 1 (67) with one migration way (68) and it - (-- 4) is processed in this 
drawing. Let these intersections be optical detecting elements, respectively. The glass substrate 2 (74) which penetrated 
hole (75) - (78) linking directly to each intersection is pasted up on a glass substrate 1 (67). Hole (75) - (78) is directly 
linked with a detecting element different, respectively. From slot (69) optical-fiber for excitation (79) - (82) incidence 
of the light of wavelength lambdal-lambda4 is carried out to a detecting element, respectively. [ inserted in - (72) ] 
Incidence of the fluorescence generated in each detecting element is carried out to hole (75) optical-fiber for detection 
(83) - (86), respectively. [ inserted in - (78) ] The fluorescence which carries out outgoing radiation from the other end 
of the optical fiber for detection is measured with a photodetector, respectively. Optical-fiber for excitation (79) - (82) 
and optical fiber for detection (83) - (86) is arranged like an example 1 or an example 2. A hole (75) processes a slot ' 
(75) into a glass substrate 3 (73), and forms it by pasting a glass substrate 2 (74). Hole (76) - (78) is formed by the same 
approach. When even a detector transmits fluorescence using an optical fiber, it is possible to make each detecting 
element approach mutually and to arrange it. 

[0020] (Effectiveness of an example 4) A different sample which carried out the indicator with a different fluorescent 

substance can be measured to coincidence by one electrophoresis 

[0021] 

[Effect of the Invention] In the fluorescence detection in capillary tube electrophoresis, the scattered light of sample 
excitation light decreased, and fluorescence generating in a capillary tube ingredient was lost. High fluorescence 
detection of S/N was attained by this, and improvement in a minimum limit of detection was realized. 



[Translation done.] 



